The Calibre ofthe Cerebral Arteries in Experimental Hypertension
Chronic hypertension is established in rats by removing one kidney and constricting the opposite renal artery with a silver clip that can be removed at any time (Byrom & Dodson 1949a ). The cerebral arteries are observed or photographed through permanent moulded acrylic cranial windows (Byrom & Cameron 1955) .
In most experiments no change in calibre is observed apart from slight diffuse constriction of terminal arteries, which is often masked by anmsthesia. But some rats with extremely high pressures develop striking abnormalities in calibre (Byrom 1954 (Byrom , 1963 . The appearance varies widely, but in general there is slight dilatation, tortuosity and irregularity of larger vessels, tight constriction of some terminal arteries and a complex mixture of constriction and dilatation of medium-sized vessels. The changes appear gradually, usually after severe hypertension has been present for several weeks; they are very persistent as long as the pressure remains high; and the pattern in a given field is fixed. The observer is left with a strong impression of a gradual structural change. Nevertheless the changes in calibre are completely reversible. In the early stages they can be abolished at will, and within a few minutes, by deepening the level of ether anmsthesia or by agents, such as nitroprussides, which lower blood pressure. As time passes these measures become less effective, but the calibre of the arteries can still be quickly restored to normal if the hypertension is abolished by removing the clip from the renal artery.
These curious changes present two problems. The first, to account for their appearance in severe hypertension, is not as difficult as it may seem. A terminal artery is a muscular tube contracting against a distending pressure in such a way as to adjust the flow to the needs of the tissue. Since these needs are continually changing so, too, must the calibre of the artery and, since the tension in the wall varies directly with the calibre (Laplace), the vessel becomes relatively weak when it is dilated and strong when it constricts. Hypertension increases the stress on the vessel wall because it is required to stay relatively dilated, since flow varies roughly with the fourth power of the calibre (Poiseuille). Up to a point the extra stress can be met from normal reserves of tone, augmented, given time, by compensatory hyperplasia. But if the pressure rises too high or too quickly, or stays too high too long it seems that these reserves are outstripped. At this critical point a strictly uniform muscular tube would dilate uniformly in response to the next call for more blood, but would be unable to contract again unless the blood pressure fell. But the distribution of muscle along the course of an artery is never exactly uniform and critical dilatation in the face of excessive pressure would inevitably occur in weaker zones at a time when stronger zones could still contract and in so doing become even stronger. In short, the observed changes can be readily explained in terms of simple physical principles. The weakness of this hypothesis is that it cannot be directly tested, for it is impossible to decide whether a given zone of an artery is dilated because it is weak, or weak because it is dilated. But any alternative hypothesis must explain why adjacent parts of an artery react in diametrically opposite ways to the same stimulus. So far none has been proposed.
Proc. roy. Soc. Med. Volume 61 June 1968 8 The effects of the change in calibre are not entirely clear. The fact that quite gross irregularity can persist for weeks or months without causing symptoms suggests strongly that dilatation of the weaker zones may be accurately balanced by contraction of the stronger zonesin other words that autoregulation does not necessarily break down. Nevertheless, it is usually only a matter of time before rats with this degree of hypertension develop serious or fatal symptoms which mimic quite closely the acute cerebral crisis of human hypertension. In such animals vital staining with intravenous trypan blue reveals multiple foci of acute vascular damage in the cerebral grey matter. In the early stages of a crisis these are minute zones of oedema in an otherwise normal cortex. But if the symptoms persist the cedema will spread rapidly to cause coma and death unless promptly corrected. The logical way to correct leakage from damaged hypertensive arteries is to arrest the leakage at source by lowering the blood pressure. In man, venesection does this, often with dramatic results. In the rat equally dramatic but permanent cure is effected by removing the clip from the renal artery.
These experimental findings have some bearing on the human problem. For over a century clinical opinion on the cause of acute cerebral crises has wavered between excessive constriction (spasm) and excessive dilatation of the cerebral arteries. The observation that both changes are present not only in the same subject but also in contiguous parts of the same artery illuminates but does not resolve the controversy. The overall appearance in the rat brain is one of intense vasoconstriction and pallor; and obliterative spasm of arteries of all sizes has been recorded by several independent observers (Meyer et al. 1960 , Rodda & Denny-Brown 1966 and can no longer be dismissed as mythical or an optical illusion. But whether the observed spasm obstructs the circulation in a vascular tree as rich in anastomoses as that of the brain must remain uncertain until it becomes possible to record continuously the local cerebral blood flow before, during and after crises.
Meanwhile indirect evidence from a growing number of sources (Byrom & Dodson 1949b , Giese 1966 ) suggests that the main threat to the vessels, as distinct from the brain tissue, comes from overdistension of the less conspicuous but more vulnerable zones of dilatation, leading suddenly and more or less simultaneously to necrosis of the medial muscle fibres and extrusion into and through the vessel wall of blood, plasma or ultrafiltratethe essential lesion of malignant hypertension. Perhaps the most interesting lesson to be learnt from the experimental animal is that the morbid process underlying the acute crises and malignancy in severe hypertension can be rapidly reversed by correcting the hypertension.
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Experimental Studies on the Cerebral Circulation: Clinical Aspects
To move from the experimental to the clinical arena, as far as cerebral blood flow is concerned, is to go from the precision of the kind of work described by the previous speaker to a field where the gap between the desirable and the possible remains much wider than we should like. Problems in the dimensions both of space and time immediately present themselves in the clinical context. In the experimental situation a reasonable assumption is that the vessel measured, or the part of the brain looked at, is a sample from a homogeneous universe, the whole of which is behaving in like fashion; by contrast clinicians are much more concerned with regional or local alterations in flow such as the effect on a specific area of brain of occlusion of a particular vessel. Estimations of total blood flow, as by the Kety-Schmidt technique, are well known to remain normal in spite of obvious local deficiencies. Similarly, measurements of flow in the neck vessels by flowmeters give no information about what is happening distal to that beautifully conceived, but often faultily executed, distributing manifold, the circle of Willis. Time, as well as space, is against us because we are limited to making observations over brief periodsspot checks of what is often a changing and dynamic situation.
This preamble is an explanation of, rather than an apology for, the meagre results which are available after several years of work in the small number of centres which have been concerned
